S
ometimes, osteoporosis can be the presenting sign of a monoclonal gammopathy, which in some people may precede a diagnosis of multiple myeloma. 1 In this article, we use two cases to illustrate the challenges of detecting monoclonal gammopathies as the cause of secondary osteoporosis. We also discuss the diagnostic limitations of current tests and the advantages of a newer test-measuring the serum levels of free light chains-in the workup of these patients.
■ Case 1: a 55-year-old woman with baCk pain
A 55-year-old woman develops back pain after walking her dog, and the pain worsens despite treatment with a nonsteroidal anti-inflammatory drug for 1 week. The patient has a history of well-controlled hypertension. She went through menopause 5 years ago, and about 2 years ago she was started on oral calcium and vitamin D for low bone density. At that time she complained of mild fatigue, which she attributed to working overtime and to lack of sleep.
On physical examination, her back in the area of T10 is tender to palpation, and plain radiography shows a compression deformity there (FIGURE 1). Over the past 2 years, her bone mineral density-ie, T scores on dual-energy x-ray absorptiometry (DXA)-has decreased 10% in the spine and 6% in the hip. Based on the elevation of serum free kappa light chains, the patient undergoes bone marrow aspiration biopsy. Histologic analysis reveals plasmacytosis (60% of her marrow cells are plasma cells [normal is < 5%]) with kappa light chain restriction.
A complete x-ray survey of the skull and long bones reveals widespread lytic lesions, consistent with multiple myeloma.
■ Case 2: an 88-year-old man with malaise and baCk pain
An 88-year-old man sees his family doctor because of malaise and back pain. He was treated for bladder cancer several years ago. He is currently being treated for prostatic hyperplasia, hypertension, and arthritis. Spinal radiography shows a compression deformity at T12, for which he undergoes kyphoplasty.
His complete blood cell count, white blood cell differential count, and kidney and metabolic profiles are normal.
Urine protein electrophoresis is normal, but serum electrophoresis detects an M-spike. On DXA of the hip, his T score is −3.7 (normal ≥ −1.0), and his Z score is −2.4 (normal > −2.0); suspicion of a secondary cause may be raised with Z scores of −1.0 or −1.5. The level of urinary NTX (cross-linked N-telopeptide of type I collagen, a marker of bone turnover) is 190 nmol bone collagen equivalents/nmol creatinine (normal range for men < 75), indicating a high level of bone turnover.
A serum free light chain assay shows twice the normal concentration of kappa light chains. The patient is referred for hematologic study and undergoes bone marrrow aspiration biopsy, which shows an abnormally high number of monoclonal plasma cells. FAiMAn And LicAtA ered. The topic has been reviewed in detail by Siemionow et al. 2 Osteoporotic compression fractures are common in the elderly and are associated with loss of height. They can occur spontaneously or from minimal trauma. The workup can start with plain anteroposterior and lateral radiographs and routine laboratory tests, as in the patients described above. This information, as well as DXA testing, may provide clues that suggest that the osteoporosis is secondary to an underlying problem, or that a coexisting bone condition caused the fracture.
■ lessons from these Cases
■ dXa Can suggest seCondary osteoporosis declining bone density Standard DXA testing is used to identify patients at high risk of fragility fractures from osteoporosis. It is also the accepted way to monitor disease progression and efficacy of treatment. However, when checking to see if a patient's bone density has changed over time, one must recognize that variations in technique from center to center or operator to operator can produce false changes in DXA results. 3, 4 The testing center should state its own level of variance (referred to as the least significant change) and should indicate whether changes in a patient's follow-up test results are statistically significant (ie, exceed that level).
A significant decline in bone mineral density over time may indicate that the patient is either not taking his or her medications or is not taking them as directed, as often happens with oral bisphosphonates-which must be taken first thing in the morning, on an empty stomach, with only a glass of water, at least 30 minutes before breakfast, during which time the patient must remain in an upright position. [5] [6] [7] But a decline also raises the suspicion of an underlying condition instead of or in addition to osteoporosis, as described in the cases above. The normal decline in bone mineral density due to aging is 0.1% to 0.2% per year. For women 5 years after menopause, the rate increases to 1% to 2% and then slows to the rate of decline due to aging. A decline in bone density to the degree seen in case 1 is more than that which could be attributed to primary osteoporosis, and so an underlying cause must be considered.
abnormally low Z scores also raise the suspicion of secondary osteoporosis The T score is the difference, in standard deviations, between the patient's bone density and the mean value in a population of healthy young adults. Since bone density tends to decline with age, so does the T score.
In contrast, the Z score compares a patient's bone density with the mean value in a population the same age and sex as the patient. When it is abnormally low, it implies greater bone loss than predicted by aging alone or greater than expected from primary disease, so a secondary disorder must be considered. 8, 9 This was the case in our second patient, who had a Z score of −2.4.
No specific Z score cutoff has been established. Rather, the physician should be suspicious when it is lower than about −1.0 and when something in the patient's clinical presentation, history, or laboratory evaluation raises suspicion of an underlying condition. In other words, the Z score is useful not by itself, but in context with other information.
In a retrospective analysis of men and women with osteoporosis, Swaminathan et al 9 reported that a Z score cutoff of −1.0 had a sensitivity of 87.5% for detecting an underlying cause of osteoporosis.
Again, we want to emphasize that a low Z score alone is not sufficient to make a diagnosis of a secondary cause of osteoporosis. But it is good to be suspicious when a Z score is as low as in our second case and when that suspicion is reinforced by other clinical data.
■ markers of bone turnover
Biochemical markers of bone resorption, such as urinary NTX and the cross-linked C-telopeptide of type I collagen (CTX), have been shown to predict fracture risk independent of bone density measurements. The evidence to date supports the use of these markers in conjunction with bone density measurements to ascertain early on whether osteoporosis is responding to treatment, but their use alone to screen for osteoporosis is not encouraged. 10 The markedly high level of NTX in our back pain is usually benign, but cancer, infection, and fractures must be considered second patient would be unusual in primary disease-it implies a high degree of bone turnover and, in concert with the clinical information, suggests secondary osteoporosis.
■ some Causes of seCondary bone loss
If a patient has a low Z score, a declining T score, or other clues, it is critical to evaluate for causes of secondary bone loss, such as As in the scenarios presented above, unexplained changes in bone mineral density and mild anemia may trigger an evaluation for a monoclonal gammopathy.
■ multiple myeloma
Multiple myeloma is a cancer of the immunoglobulin-producing plasma cells in the bone marrow. Since the cancerous cells are clones, they all produce the same immunoglobulinthus, the distinctive M-spike on serum or urine protein electrophoresis. It affects about 50,000 people in the United States.
The typical features of multiple myeloma are hypercalcemia, renal insufficiency, anemia, and bone lesions with or without osteoporosis. 11 Most patients have identifiable features of myeloma at the time of diagnosis, but perhaps 20% lack the characteristic symptoms of fatigue, back pain, or bone pain.
Most patients who eventually develop symptomatic multiple myeloma first present with monoclonal gammopathy of undetermined significance (MGUS), a disorder characterized by asymptomatic overproduction of an immuno globulin. However, MGUS develops into multiple myeloma in only about 15% of cases.
11
Widespread osteoporosis, due to cytokinemediated osteoclast activation, is common in patients with multiple myeloma. As many as 90% of patients have lytic skeletal lesions or osteoporosis at the time of diagnosis. 11, 12 Myeloma-related osteoporosis can be difficult to differentiate from primary osteoporosis because not all patients secrete a monoclonal protein that standard urine or serum tests can detect. 13 But new assays for serum free light chains can help resolve this diagnostic dilemma. 14 
■ when is testing for monoClonal gammopathies warranted?
Screening for MGUS in the general osteoporotic population is not warranted, since its prevalence (2.1%) is similar to that in the general population (2.9%) of women age 50 or older and 5.3% to 7.5% of all persons age 70 years or older. 15, 16 However, testing for monoclonal gammopathies is warranted when clinical or laboratory findings-eg, subtle hints such as an unexplained elevation in the erythrocyte sedimentation rate or a low anion gap-trigger diagnostic suspicion. Unexplained hypercalcemia, renal insufficiency, unexplained anemia, hypo-and hypergammaglobulinemia, skeletal problems (eg, widespread osteoporosis, unexplained back or bone pain), and distal, symmetric polyneuropathy are the usual signs of underlying plasma cell neoplasia.
signs of multiple myeloma: the Crab mnemonic
Patients should be screened for multiple myeloma if they have any of the following presenting features not attributable to another disorder, using the mnemonic CRAB
:
Calcium elevation (serum calcium ≥ 11.5 mg/dL)
Renal insufficiency (serum creatinine > 1.73 mmol/L) Anemia (normochromic, normocytic anema, with a hemoglobin value lower than 10 g/ dL or more than 2 g/dL below the lower limit of normal)
Variations from operator to operator or from center to center can produce false changes in dXA results over time Bone disease (lytic lesions, widespread osteoporosis, or bone fractures on skeletal survey, or a decline in bone mineral density or evidence of osteoporosis on DXA).
For the diagnosis of multiple myeloma to be made, the patient must have at least 10% clonal bone marrow plasma cells, evidence of a monoclonal protein in the serum or urine, and CRAB-related organ damage. When in doubt, referral for a hematologic evaluation is advised. Patients with signs of myeloma-related organ damage warrant prompt treatment. electrophoresis is not 100% sensitive As the clinical cases above illustrate, standard testing for the monoclonal protein is not 100% sensitive for multiple myeloma, as some patients do not secrete the protein in the serum or urine.
In more than 97% of patients, the plasma cells that proliferate clonally produce a measurable monoclonal protein, such as an intact immunoglobulin only (eg, IgG kappa, IgA lambda), a light chain only (kappa or lambda), or intact immunoglobulins and free light chains. In the rest, no detectable monoclonal protein is produced, a disease subtype called nonsecretory multiple myeloma.
Of patients who secrete an intact immunoglobulin, 90% to 95% also produce excess free light chains. 18, 19 From 15% to 20% of patients with multiple myeloma secrete only light chains. 1, 20 Classically, serum and urine protein electrophoreses are the diagnostic tools used to evaluate monoclonal gammopathy, but urine electrophoresis detects only about 50% of myelomas. 19 
■ when to Consider free light Chain analysis
While serum and urine protein electrophoreses are still the standard for screening for MGUS or multiple myeloma if one strongly suspects it, additional testing with serum free light chain analysis should be considered if patients exhibit CRAB-related features of myeloma-related organ damage, such as hypercalcemia, renal insufficiency, anemia, or bone loss. Serum assays for free kappa and free lambda light chains can detect circulating clonal free light chains in most patients with nonsecretory multiple myeloma. In one study, 21 elevated concentrations of either kappa or lambda free light chains (and abnormal kappa-lambda ratios) were detected in the sera of 19 of 28 patients with nonsecretory multiple myeloma, such that the diagnosis could be changed to oligosecretory disease.
Several studies have also found serum light chain panels to be highly sensitive for the diagnosis of MGUS or multiple myeloma. [22] [23] [24] Clonal light chains must be present in a concentration of at least 500 mg/L to be detected by serum protein electrophoresis, or at least 150 mg/L to be detected by serum immunofixation. 25 In contrast, free light chain immunoassays can measure free light chain concentrations of 3 mg/L or lower, and can therefore detect light-chain-related disorders despite negative results on serum protein electrophoresis or immunofixation.
14 Cost-effectiveness of free light chain analysis Serum free light chain assays appear to be more cost-effective than urine tests in screening for monoclonal gammopathy: Medicare reimbursement is $38 for the serum free light chain assay vs $71 for the urine assay, which includes total urine protein, urine protein electrophoresis, and urine immunofixation electrophoresis. The kappa-lambda ratio is an indication of clonality. 26, 27 A ratio greater than 1.65 suggests a kappa free light chain monoclonal gammopathy; a ratio less than 0.26 suggests a lambda free light chain monoclonal gammopathy.
Importantly, in patients with renal impairment but no monoclonal gammopathy, the kappa-lambda ratio is often slightly higherup to 3:1 because of reduced renal light chain clearance. 26 However, not all patients with a monoclonal gammopathy have an abnormal free light chain ratio. Only one-third of patients with MGUS do, and these patients are at greater the Z score is useful not by itself, but in context with other information detecting MonocLonAL gAMMoPAtHy risk of progression to other plasma cell dyscrasias. 28 The free light chain ratio is normal in 5% to 10% of patients with intact immunoglobulin multiple myeloma. 29, 30 In a study of 116 patients with plasmacytoma, serum protein electrophoresis demonstrated an M-spike in half of patients, serum immunofixation was abnormal in two-thirds, and the kappa-lambda ratio was abnormal in half. 31 A risk exists that MGUS will progress to multiple myeloma in patients who have an abnormal free light chain ratio. Thus, patients should be referred to a hematologist-oncologist for evaluation and monitoring if an abnormal kappa-lambda ratio is detected by serum free light chain assay.
Patients with abnormalities in the kappalambda ratio and no other evidence of monoclonal protein may harbor light-chain-related diseases only (eg, light chain multiple myeloma, primary amyloidosis, or light chain deposition disease) or a newly described entity, free light chain MGUS. 14, 19, 27 An abnormal kappalambda ratio has also been noted in variable percentages of patients with chronic lymphocytic leukemia and malignant lymphoma. 32 
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